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PHWDO OD\HU 7KH WHQVLOH IRUFH N LV WKH LQWHJUDO RI WKH
VWUHVV ZLWK UHVSHFW WR WKH FURVVVHFWLRQ 8VLQJ WKH
PDWHULDO ODZ RI 1DGDL  WKH WHQVLOH IRUFH DQG WKH
LQWHUQDOPRPHQWMFDQEHZULWWHQDV












7KH FRRUGLQDWH V\VWHP RI WKH FRYHU VKHHWV LV XVHG
VHH ILJ  'HSHQGLQJ RQ WKH DGKHVLYH SURSHUWLHV WKH
QHXWUDO D[HV ݕ෤௡ VKLIW WR WKH PLGGOH RI WKH VDQGZLFK
$FFRUGLQJ WKH FODVVLFDO ODPLQDWH WKHRU\ WKH FURVV
VHFWLRQUHPDLQVRUWKRJRQDORQWKHVKHHWVXUIDFH>@)RU
WKH FXUYDWXUH ț DQG kIDFWRU WKH VWUDLQ RI WKH PHWDO
OD\HUVFDQEHFDOFXODWHGDVIROORZV




7KH VKHDU GHIRUPDWLRQ FDQ EH VHHQ LQ ILJ F
)ROORZLQJ 0LGOLQ >@ WKH VKHDU VWUDLQ RI WKH DGKHVLYH
FDQ EH GHWHUPLQHG ZLWK WKH JUDGLHQW RI WKH VKHDU
GHIRUPDWLRQGJGx DQGWKHFXUYDWXUHț>@




*LYHQ WKDW WKH VWUDLQVRI WKHDGKHVLYHDQG WKHFRYHU
OD\HUV H[DFWO\ WKH VDPH DV WKH FRYHU VKHHWV LQ WKHLU
FRQWDFW]RQHWZRFRQGLWLRQVFDQEHHVWDEOLVKHG












:LWK (T  VXEVWLWXWHG IURP (T  WKH
FRUUHODWLRQEHWZHHQWKHIDFHVKHHWVLVJLYHQ




7KH JUDGLHQW RI GLVSODFHPHQW 'lGx RI ERWK FRYHU
VKHHWV FDQEHFDOFXODWHG IRUP WKHGLVSODFHPHQWRI HDFK
FRYHU VKHHW 7KHUHIRUH WKH GLVSODFHPHQW RI WKH VHFRQG
FRYHU VKHHW y sa LV VXEVWLWXWHG IURP WKH ILUVW RQH







ሾሺͳ ൅ ݇ଶሻݏଶ ൅ ሺͳ െ ݇ଵሻݏଵሿ 
3.3. Calculation of spring back and delamination 
$IWHUORDGUHOLHYHERWKPHWDOOD\HUVVSULQJEDFN7KH
VSULQJ EDFN RI WKH OD\HUV GHSHQGV RQ WKH PDWHULDO
SURSHUWLHV WKH OD\HU WKLFNQHVVDQGRQ WKH WUDQVIRUPDEOH
IRUFH RI WKH DGKHVLYH LQ QRUPDO GLUHFWLRQ &RPSDUHG
ZLWKWKHIRUPLQJWLPHVSULQJEDFNLVDORQJWHUPSURFHVV
DQG WHPSHUDWXUH GHSHQGHG FUHHSLQJ HIIHFWV RFFXU
(VSHFLDOO\ WKH WROHUDEOH QRUPDO IRUFH GHFUHDVHV ZLWK
LQFUHDVLQJ GLVSODFHPHQW 7KH FRUUHODWLRQ EHWZHHQ VKHDU
DQGWHQVLOHVWUHVVFDQEHPRGHOOHGZLWKWKHHQHUJ\EDVHG
7UDFWLRQ6HSDUDWLRQ/DZ,IWKHPD[LPDOVKHDUVWUHVVWcrit
LV UHDFKHG LQ WKH IRUPLQJ SURFHVV ZH DVVXPH WKDW WKH
WUDQVPLWWDEOH QRUPDO VWUHVV LV QHJOLJLEOH IRU ORQJ WHUP
DIWHU UHOD[DWLRQ 7KHQ ERWK PHWDO OD\HUV FDQ EH
FRQVLGHUHG LQGHSHQGHQW )RU WKH VHFRQG FDVH WKH
VDQGZLFK VKHHW UHPDLQV XQGDPDJHG DQG VSULQJ EDFN
FDOFXODWLRQ FDQ EH GRQH VLPLODU WR D VLQJOH VKHHW:LWK
WKLV VLPSOLILFDWLRQ WKH HVWDEOLVKHG VSULQJ EDFN
FDOFXODWLRQ RI:ROWHU >@ FDQ EH XVHG 7KH DSSOLFDWLRQ
IRU VDQGZLFK VKHHWV XVLQJ kIDFWRUV LV SUHVHQWHG LQ >@
:LWKWKHLQWHUQDOPRPHQWMDVIXQFWLRQRIWKHkIDFWRU






















3.4. Calculation algorithm 
7KHEHQGLQJSURFHVVLVSDUWLWLRQHGLQLQFUHPHQWVZLWK
HTXDO VL]H 'x LQ xGLUHFWLRQ DQG FDQ EH VROYHG LQ VL[
VWHSV7KH FRRUGLQDWH V\VWHP IROORZV WKHPLGGOH RI WKH
DGKHVLYH LQ OHQJWK GLUHFWLRQ VHH ILJ  DQG WKH DFWXDO
SRVLWLRQLVGHVFULEHGDVxi
 ݔ௜ ൌ ݅ȟǤ 
 'HWHUPLQDWLRQRIERXQGDU\FRQGLWLRQV
ȟ݈ ൌ ߛ ൌ Ͳ IRUݔ ൌ Ͳ 
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